Use of high-density barium (= or > 180 w/v%) has been widely spread in community-based mass screening for gastric cancer in Japan. However, the impact on outcomes of the screening has not been fully evaluated. Then, we investigated the advantage of high-density barium use by comparing the outcomes between a period with high-density barium and that with low-density barium (< 180 w/v%) each for 3 consecutive years between 1991and 2002 at 5 medical examination organizations in Niigata Prefecture, Japan. Multivariate logistic regression analysis adjusted for age, sex and medical organization revealed that the introduction of high-density barium decreases the positive finding rate in initial mass screening X-ray examinations by 12% (odds ratio, 0.88; 95% confidence interval, 0.86 -0.90) and increase the gastric cancer detection rate by diagnostic examination by 15% (odds ratio, 1.15; 95% confidence interval, 1.01-1.31). We conclude that introduction of high-density barium has improved the efficiency of mass screening for gastric cancer by decreasing unnecessary diagnostic examinations and reducing the total personal and public health costs. Thus, nationwide use of high-density barium is recommended for mass gastric cancer screening in Japan. gastric cancer; mass screening; double contrast indirect radiography; high-density barium; cost effectiveness
and the percentage of participants undergoing testing with the high-density barium system increased from 12.2% to 23.7% (unpublished data). During the same period, the rate of positive findings decreased from 10.8% to 7.6%, and the gastric cancer detection rate from diagnostic examination by endoscopy for suspected cases increased from 2.4% to 3.4%. Thus, required number of diagnostic examination decreased to find a subject with gastric cancer, and the mass screening for gastric cancer has become more efficient in Niigata prefecture. These simultaneous changes suggest that introduction of high-density barium could improve the efficiency of mass screening for gastric cancer.
From these backgrounds, the present study was conducted to evaluate the impact of highdensity barium use on mass screening for gastric cancer in a large-scale multi-center investigation in Niigata Prefecture.
MATERTALS AND METHODS
The study was conducted in Niigata Prefecture in Japan, which is located in the middle of Honshu Island with a total population of approximately 2.5 million (in the 2,000 census). Mass screening using X-rays in accordance with the Health and Medical Services Law for the Aged is being carried out at 17 medical examination or-2000). The program has been included in the Health Services Law for the Aged since 1983, and Japan is the only country where such screening has been a national policy, due to the documented positive impact on mortality rates with early detection of gastric cancer (Ohshima et al. 1986; Hisamichi 1989; Fukao et al. 1995 Fukao et al. , 1998 Tsubono and Hisamichi 2000) .
Low-density barium (< 180 w/v%) was employed initially for X-ray examination but recently, high density and low viscous barium (highdensity barium, = or > 180 w/v%) has been introduced in order to increase the accuracy (Abe et al. 2000; Aoyagi et al. 2000; Tsuchigame et al. 2000; Noguchi et al. 2001; Tanno et al. 2003; Yamamoto et al. 2004 ). Because of the good mucosal adhesive strength, decrease of false positive cases have been achieved at many medical examination organizations (Tsuchigame et al. 2000; Tanno et al. 2003; Yamamoto et al. 2004) . However, the impact of high-density barium use has not been fully evaluated by large-scale multicenter studies.
X-ray examinations for mass screening are now carried out at 17 medical examination organizations in Niigata, Japan (Wakai et al. 2003) . During 1995 to 2001, the number of organizations using high-density barium increased from 3 to 9, Number in parentheses shows number of subjects in each step for the present study. Low, low-density barium, < 180 w/v%; High, high-density barium, = or > 180 w/v%.
ganizations in Niigata Prefecture, Japan. For our analysis, we selected 5 of them with the following criteria: more than 1,000 X-ray examinations/year, and possible comparison of outcomes with low-density and high-density barium for 3 consecutive years between 1991and 2002. Data for total of 356,962 participants aged over 40 years (130,795 males and 226,167 females) at the 5 medical examination organizations were analyzed for the present study (Table 1) . Procedures of the mass screening were as follows (Fig. 1) . As a first step, X-rays were taken using low or high density barium. As a next step in cases of suspected cancer, endoscopy and histological examination of stomach biopsies in case of need were carried out for final diagnosis. The final results were reported to the Niigata Association for Comprehensive Health Promotion and Research (the screening office) through the municipality office. A total of 981 of the 356,962 participants were diagnosed as having gastric cancers by these processes, and were analyzed in the present study. Information on invasion depth was mailed from clinics or hospitals to the screening office.
An intra-organizational comparative study was made of the following 4 items descriptively in the periods using low-density barium and high-density barium systems at the 5 medical examination organizations: the positive screening rate (rate for positive findings of mass X-ray examination, number of suspected gastric cancer cases / total numbers of the mass survey participants × 100), the positive diagnostic examination rate (gastric cancer detection rate from the diagnostic examinations, number of diagnosed gastric cancer cases / number of diagnostic examinations × 100), the gastric cancer detection rate (gastric cancer detection rate overall, the number of diagnosed gastric cancer cases / total number of mass screening participants × 100), and the early gastric cancer detection rate (early gastric cancer detection rate overall, number of diagnosed early gastric cancer cases / total number of mass screening participants × 100). The positive diagnostic examination rate was equivalent to the positive predictive value of the X-ray examination in the present study.
For the present study, there is no ethical problem because we used officially published statistics of mass screening and did not access the individual information of the study subjects.
Statistical analysis
Relative change in three markers from low-to highdensity barium use, the positive screening rate, the positive diagnostic examination rate, and the gastric cancer detection rate, was estimated as an odds ratio by logistic regression analysis. In each model, each outcome from mass screening or diagnostic examination was entered as a dependent variable. Density of barium (high / low), age (dummy variables in 5-year interval as shown in Table 1 ), sex (male / female) and medical examination organization (A , B, C, D or E; dummy variables) were entered as independent variables in order to assess the overall intra-organizational effect of high-density barium use adjusting for sex, age and medical examination organization. The early gastric cancer detection rate, however, was excluded for this analysis, because sex-and age-specific information regarding the invasion depth was not reported officially by the screening office. All statistical analyses were performed with SPSS11.0J for Windows (SPSS, Japan, Inc., Tokyo). A p value of less than 5% was defined as statistically significant.
RESULTS
The findings of the intra-organizational comparative study are summarized in Tables 2. The positive screening rate decreased at 4 (A, B, D, E) of the organizations, and the positive diagnostic examination rate increased at all 5 after introduction of the high-density barium system. However, the gastric cancer detection rate increased at only 2 (C, D), while the early gastric cancer detection rate increased at 3 (C, D, E). Rate of diagnostic examinee generally increased in a period with high-density barium. Change in rate of early gastric cancer varied among 5 medical examination organizations.
On multiple logistic regression analysis adjusted for sex, age and medical examination organization, use of high-density barium was associated with a 12% decrease in the positive screening rate (odds ratio, 0.88; 95% confidence interval, 0.86-0.90, p < 0.001) and a 15% increase in the positive diagnostic examination rate (odds ratio, 1.15; 95% confidence interval, 1.01-1.31, p < 0.05), but not with the gastric cancer detection rate (odds ratio, 1.00; 95% confidence interval, 0.88-1.13) ( Table 3) . 
DISCUSSION
In the present study of gastric cancer, the positive screening rate was found to be decreased and the positive diagnostic examination rate increased after introduction of X-ray examinations with high-density barium. Thus, multiple logistic regression showed a 12% decrease and a 15% increase respectively, compared with use of lowdensity barium. Although rate of diagnostic examinee in subjects with positive screening decreased, the cancer detection rate was not changed (0% decrease) by the introduction of high-density barium, suggesting that introduction of high-density barium improves the efficiency of mass screening without impairment of cancer detection power. These effects could not be influenced by characteristics of medical examination organizations because decrease in positive screening rate was observed at 4 of 5 medical examination organizations and increase in positive diagnostic examination rate was in every organization.
Good depiction of the gastric mucosa by barium X-ray examination is essential for mass screening for gastric cancer and the performance of barium is one important factor influencing the quality of depiction. Thus, efforts have been made for improvement and high-density barium was developed for this purpose. Furthermore, 150 -200 ml of low-density barium is a heavy physical load for persons to receive. High-density barium features several advantages, such as good adhesion to the stomach mucosa for effective delineation of pathological changes (Abe et al. 2000; Tsuchigame et al. 2000; Noguchi et al. 2001; Yamamoto et al. 2004) , relatively low volume (120 -150 ml) (Abe et al. 2000; Aoyagi et al. 2000; Noguchi et al. 2001; Imamura et al. 2002; Tanno et al. 2003) , and thus low physical load. Thus, the Japanese Society of Gastroenterological Mass Survey has recommended a new stomach radiography method using high-density barium since 2002 (Imamura et al. 2002) . Mass screening organizations in Niigata Prefecture have also encouraged the introduction of high-density barium (Department of Welfare and Health of Niigata Prefecture et al. 2003) . Our findings support the view that the high-density barium system is effective.
Japan is the only country where mass screening for gastric cancer is carried out as a national policy, and it is believed that the early detection of gastric cancer dose have an impact on mortality rate (Ohshima et al. 1986; Hisamichi 1989; Fukao et al. 1995 Fukao et al. , 1998 Tsubono and Hisamichi 2000) . The gastric cancer detection rate in the mass survey was 0.146% in the data base of the national gastroenterological mass screening organization for 2001 (The Japanese Society of Gastroenterological Mass Survey 2003), but our results are slightly higher (0.171 -0.350%). Under these conditions, we estimated that screening of 286 to 588 participants is required to find one gastric cancer case. From the economic burden, reduction of the total operational cost is required, and this can be achieved largely by avoiding false positive cases in the first step mass X-rays. Presently, the cost for a diagnostic examination is approximately ¥18,600 (equivalent to approximately $179) per person (Wakai et al. 2003 ). The present study indicated the positive diagnostic examination rate to be increased from 2.3 -11.9 to 2.6 -12.6% with high in place of low density barium: in other words the number of diagnostic examinations decreased from 8.4-43.5 to 7.9-38.5 to find a gastric cancer. Therefore, we can estimate savings of approximately ¥9,000 to ¥90,000 (equivalent to $87 to $865) per cancer, a considerable sum when extrapolated to the national health expenditure covered by the national medical insurance system.
We can not deny the possibility that some factors other than barium concentration influenced the outcomes of mass screening. For example, new instruments or technique could have been introduced in accordance with high-density barium in some medical examination organizations. Such confounders should be analyzed in future studies in order to confirm the advantage of the use of high-density barium.
CONCLUSION
The present large-scale multi-center study indicated that introduction of high-density barium for mass screening decreases the positive screening rate and increases the positive diagnostic examination rate, without impairment of the cancer detection power. Improvement in efficiency would contribute to decrease in unnecessary diagnostic examinations and reduce the total personal and public health costs of this activity. Thus, the introduction of high-density barium should be promoted for nationwide mass screening for gastric cancer in Japan.
